Saline and hypersaline environments are subject to contamination with high levels of petroleum hydrocarbons (Le Borgne et al., 2008; Dastgheib et al., 2012) , posing an environmental problem that cannot be ignored. Biodegradation of aromatic hydrocarbons in saline environments has attracted strong attention in recent years (Zhao et al., 2009) . In this study, during the course of isolation and characterization of halophilic bacteria that showed optimal aromatic-hydrocarbons-degrading activity in a saline oilfield, a bacterial strain designated 3.5X
T was isolated from this saline soil, suggesting the strain with a halophilic characteristic might play a special role in oil contamination bioremediation. On the basis of 16S rRNA gene sequence analysis, the new isolate seemed to represent a novel species within the class Gammaproteobacteria and within the family Xanthomonadaceae.
The family Xanthomonadaceae of the class Gammaproteobacteria, originally proposed by Saddler & Bradbury (2005) , at first included the following genera Xanthomonas, Frateuria, Fulvimonas, Luteimonas, Lysobacter, Nevskia, Pseudoxanthomonas, Rhodanobacter, Schineria, Stenotrophomonas, Thermomonas and Xylella. Soon afterwards, the genera Aquimonas, Aspromonas, Dyella, Silanimonas and others were added to the family Xanthomonadaceae. At the time of writing, the family Xanthomonadaceae comprises 23 genera (http://www. bacterio.net/xanthomonadaceae.html) and most members were isolated from habitats like plants roots, contaminated soil and humans (Johansen et al., 2005) . Particularly, six out of 23 genera (Hydrocarboniphaga, Rhodanobacter, Pseudoxanthomonas, Stenotrophomonas, Xanthomonas and Xylella) have been reported to be involved directly or indirectly in oil or petroleum hydrocarbon degradation (Chang & Zylstra, 2010) . In this work, we suggest another genus of the family Xanthomonadaceae by providing phylogenetic and phenotypic characterization of the novel strain 3.5X
T in order to establish its exact taxonomic position.
Strain 3.5X
T was originally obtained from saline habitats of Shengli oilfield, Shandong Province (China). The soil sample was suspended in a mineral medium (Widdel & Pfennig, 1981) with 28.0 g NaCl and 4.2 g MgCl 2 . 6H 2 O, generating a total salt concentration of 3.5 % (w/v), supplemented with 2 ml vitamin solution l 21 (Janssen et al., 1997) and 10 mg PAHs l 21 [including (2 mg l 21 ) naphthalene, 2-methyl naphthalene, phenanthrene, fluoranthene and pyrene, respectively, dissolved in acetone].
Serial dilutions of the suspension were spread onto the solid medium prepared by adding 1.8 % (w/v) agar (Aobox) into the mineral medium. The plates were incubated at 30 u C for 2 weeks. Single colonies on the plates were purified by transferring them onto fresh plates of nutrient agar (Aobox) with 3.5 % (w/v) NaCl for further incubation. The nutrient plates were cultivated at 30 u C for 3 days.
Single colonies of strain 3.5X
T were observed under a stereomicroscope (Motic) using culture grown on nutrient agar for 3 days. Gram-staining was performed using the method of Hucker (1921) and cell morphology was observed by fluorescent microscopy (Leica) with cells grown for 3 days at 30 u C on nutrient agar. The presence of flagella was determined by transmission electron microscopy (Hitachi) after negative staining with uranyl acetate (Xie & Yokota, 2005) using cells that had been grown in nutrient broth (Aobox) for 3 days at 30 u C. Growth at various temperatures (4, 20, 30, 37, 41, 45 and 65 u C) and different pH values (pH 2, 4, 6, 7, 8, 10 and 12) was assessed after 3 days of incubation according to the methods of Dong & Cai (2001) . Salt tolerance was tested in the pellucid nutrient broth medium supplemented with different NaCl concentrations (0.5, 1.5, 3.5, 5, 10, 15 and 20 %, w/v) and incubated for 3 days (Dong & Cai, 2001) . Growth under anaerobic conditions was determined in a tube containing nutrient broth with Vaseline sealed on the surface followed by incubation at 30 u C for 2 weeks. After incubation at 30 u C for 3 days on nutrient agar, strain 3.5X
T formed yellow, smooth, opaque, circular and convex colonies with sticky colloids. Standard phenotypic tests showed that the strain was a Gram-stain-negative, aerobic and motile rod, approximately 0.7-1.5 mm long and 0.3-0.7 mm wide and possessed a single polar flagellum (Fig. S1 , available in the online Supplementary Material). The strain could grow at temperatures between 4 and 41 u C, but could not grow at 45 or 65 u C. The optimum temperature for growth was 20-30 u C. The pH range for growth was pH 4-10 (optimum pH 6-8). Meanwhile, the strain could grow in nutrient broth containing 0.5-10 % (w/v) NaCl (optimum 1.5-5 %, w/v).
For the phylogenetic analysis of strain 3.5X T , DNA preparation, PCR-mediated amplification of the 16S rRNA gene using universal bacterial primers 8F and 1492R and sequence analysis of the purified PCR product were carried out as described previously (Zhao et al., 2010 ). An almost-complete 16S rRNA gene sequence (1469 bp) for 3.5X
T was obtained and compared with reference sequences available in the GenBank database using BLASTN. Sequence alignment was performed using CLUSTAL W (Larkin et al., 2007) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods with MEGA software, version 5.0 (Kumar et al., 2008) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . In addition, a corresponding maximum-parsimony tree (Kluge & Farris, 1969) was also reconstructed using MEGA software, version 5.0. The bootstrap analyses were all based on 1000 replications. The tree reconstructed using the neighbour-joining method is shown in Fig. 1 . The other two trees are shown in Figs S2 and S3. Based on 16S rRNA gene sequence analysis, the phylogenetic position of the strain was determined to be within the family Xanthomonadaceae of the class Gammaproteobacteria (Fig.  1 T (94 %). Other members of the family Xanthomonadaceae, including members of the genera Luteibacter, Stenotrophomonas, Pseudofulvimonas and others in Fig. 1 , shared no more than 94 % sequence similarity. According to Gillis et al. (2005) , the definition of a novel genus can be taken into consideration when the similarity value of 16S rRNA gene sequences is less than 97 %. In addition, although strain 3.5X
T showed the highest sequence similarity (97 %) with bacterium PETBA01 from the family Xanthomonadaceae, this strain has not been characterized nor assigned to a species with a validly published name (Angelim et al., 2013) . All three phylogenetic trees showed that strain 3.5X
T formed an independent branch with high bootstrap support: 95 % with the neighbour-joining method ( Fig. 1 ) and 95 and 72 % with the maximum-likelihood and maximum-parsimony methods, respectively (Figs S2 and S3). In conclusion, the distant relationship between strain 3.5X
T and other members of the family Xanthomonadaceae indicated that the novel isolate represents an independent taxon separated from the genera Fulvimonas, Frateuria, Dyella and Rhodanobacter etc., giving support to the proposal of a novel genus.
To determine the DNA base composition of the genomic DNA from strain 3.5X
T DNA was extracted and precipitated following the protocol that uses CTAB (cetyltrimethylammonium bromide) (Wilson, 1987) . Cells were grown in nutrient broth and the genomic DNA G+C content was obtained from a melting point (T m ) curve according to the protocol of Marmur & Doty (1962) with Lechevalieria fradiae CGMCC 4.3506 T (Zhang et al., 2007) as the control. In addition, the genome size of the strain was computed from the draft genome sequence (GenBank accession number JROI00000000), which was performed by using Illumina MiSeq technology (Major bio). The estimated genome size, based on genome sequencing data, was approximately 3.3 Mbp, coding for 3010 ORFs. The genomic DNA G+C content of the strain was 67 mol% by thermal denaturation and 66.3 mol% from genome sequences. These values differ from those described for the genera Dyella, Fulvimonas, Rhodanobacter and Frateuria (Table 1) .
For the analysis of cellular fatty acids, Fulvimonas soli DSM 14263 T was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) and used as the reference strain. Cells of strain 3.5X
T and Fulvimonas soli DSM 14263 T were cultured on tryptic soy broth agar (Aobox) at 30 u C for 48 h. The cellular fatty acids of the novel strain and the reference strain were harvested, saponified, esterified and extracted according to the instructions of the Sherlock Microbial Identification System (MIDI). The fatty acid methyl esters mixtures were separated using the standard protocol of MIDI and then analysed by means of GC (6890N; Agilent) using the microbial identification software package (Sasser, 1990) . Results of the cellular fatty acid profiles of both strains are presented in Tables 2 and S1 . The predominant fatty acids of strain 3.5X
T were iso-C 17 : 0 (30.6 %), iso-C 15 : 0 (27.6 %), summed feature 9: iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl (11.3 %), iso-C 11 : 0 (5.5 %), iso-C 11 : 0 3-OH (5.2 %) and C 16 : 0 (5.1 %); while those of strain DSM 14263 T were iso-C 17 : 0 (18.2 %), iso-C 16 : 0 (12.9 %) iso-C 15 : 0 (12.4 %) and anteiso-C 15 : 0 (11.2 %). Overall, as shown in Table 2 , the fatty acid profile of strain 3.5X
T was quite similar to those of other recognized genera with a predominance of iso/ anteiso fatty acids, which is a distinguishing feature of the family Xanthomonadaceae (Friedrich & Lipski, 2008) ; however, some ratio differences could be observed between strain 3.5X
T and its relatives, distinguishing the strain from other relative genera.
Polar lipids of strain 3.5X
T and Fulvimonas soli DSM 14263 T were extracted by following the method of Minnikin et al. (1984) and examined by two-dimensional TLC with molybdatophosphoric acid reagent sprayed after cells growing in TSB at 30 u C for 3 days under aerobic conditions. The polar lipids profiles of the two strains were generally similar, each containing phosphatidylmonomethylethanolamine (PME), diphosphatidylglycerol (DPG) and phosphatidylethanolamine (PE) as the major lipids, as well as containing minor amounts of phosphatidylglycerol (PG), one unknown phospholipid and one unidentified aminophospholipid; furthermore, strain DSM 14263 T also contained another unknown phospholipid and one unidentified aminophospholipid (Fig. S4) . To sum up, some strains within related genera of the family Xanthomonadaceae, such as in the genera Fulvimonas, Frateuria, Luteimonas, Rhodanobacter, Pseudoxanthomonas and Thermomonas, had been reported to contain DPG, PE and PG as their major polar lipids (Busse et al., 2002; Kämpfer et al., 2010; Zhang et al., 2011; Woo et al., 2012; Fan et al., 2014) , while PME, which was a major polar lipid in strain 3.5X T , has only been reported in the genera Fulvimonas and Frateuria. Overall, the distinct polar lipids profile supported that strain 3.5X
T represents a novel genus within the family Xanthomonadaceae.
Respiratory quinones of strain 3.5X
T were extracted from freeze-dried cells with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and reextracted in acetone as described by Collins et al. (1977) and Minnikin et al. (1984) . The separated ubiquinones were dissolved in acetone and analysed subsequently using HPLC, as described by Zhao et al. (2010) . Ubiquinone Q-8 was detected as the major quinone system in the isolate, supporting the affiliation of strain 3.5X
T to the family Xanthomonadaceae, where the majority of species have Q-8 as the major quinone (Chang & Zylstra, 2010) . Polyamines of the two strains were extracted from cells in the late exponential phase of growth in TSB medium according to the method described by Busse & Auling (1988) and analysed by HPLC (Waters) as described by Stolz et al. (2007) . The polyamine pattern of strain 3.5X T contained the major compounds spermidine (comprising 93.40 % of the total polyamine content) and putrescine (5.23 %) and spermine was detected in a minor amount (1.37 %).
Fulvimonas soli DSM 14263
T exhibited a similar polyamine pattern consisting of the major compound spermidine (96.72 % of the total polyamine content) plus putrescine (2.49 %) and spermine (0.79 %). These polyamine patterns are quite similar to those of other members of the family Xanthomonadaceae as summarized by Kämpfer et al. (2010) .
Physiological and biochemical characteristics of strain 3.5X
T and Fulvimonas soli DSM 14263 T were tested in parallel with API ZYM, API 20NE and API 50 CH galleries (bioMérieux) in this study. Procedures for the above tests were performed according to the manufacturer's instructions and under the same conditions as those described by Xie & Yokota (2005) . Carbon source utilization tests were performed using Biolog GENIII microplates, as recommended by the manufacturer and guided by the steps described by Mergaert et al. (2002) . Hydrolysis of starch and Tween 80 was tested as described by Dong & Cai (2001) . Catalase activity and oxidase activity were tested by the methods of Jung et al. (2009) . This new isolate was positive for catalase, oxidase, oxidation of glucose and reduction of nitrate. Other phenotypic features of this strain are presented in the species description and Table 1. Those that can be used to differentiate the novel strain from established genera are also listed in Table 1 . Some of the features in Table 1 are in accordance with those of recognized members of the family Xanthomonadaceae, whereas others, e.g. growth at high salinity and hydrolysis of starch and gelatin, served to differentiate strain 3.5X T from its closest relatives.
In conclusion, the low level of 16S rRNA gene sequence similarity between strain 3.5X
T and other established species strongly supports the consideration of this strain as a representative of a novel genus. Furthermore, this novel strain can be separated from its nearest relatives by phenotypic characteristics (Table 1) as well as genomic DNA G+C content, major fatty acids and polar lipid (Nalin et al., 1999) ; 5, Frateuria aurantia DSM 6220 T (Zhang et al., 2011) .
Members of the following genera were all catalase-positive, indoleformation-negative and glucose-assimilation-positive. +, Positive; W, weakly positive; 2, no reaction or growth; ND, no data available.
Characteristic 1 2 3 4 5 Oleiagrimonas soli gen. nov., sp. nov.
compositions. In addition, strain 3.5X T had a predominance of iso/anteiso fatty acids and displayed ubiquinone Q-8 as the major respiratory quinone and spermidine as the major polyamine, supporting the allocation of the strain to the family Xanthomonadaceae. Therefore, we propose the novel genus Oleiagrimonas within the family Xanthomonadaceae, containing the single species Oleiagrimonas soli sp. nov.
Description of Oleiagrimonas gen. nov.
Oleiagrimonas (O.le.i.a.gri.mo9nas. L. neut. n. oleum oil; L. masc. n. ager soil, land; Gr. fem. n. monas, a unit, monad; N.L. fem. n. Oleiagrimonas monad isolated from an oilfield).
Colonies on nutrient agar are yellow after 3 days at 30 u C. Cells are Gram-stain-negative, single rods and motile by a single polar flagellum. Cells are aerobic, catalase-and oxidase-positive, urease-positive, nitrate-reduction-positive, nitrite-reduction-negative, indole-formation-negative and do not ferment sugars. Q-8 is the major component of the quinone system and spermidine is the major polyamine. The cells consist mainly of branched fatty acids, with iso-C 17 : 0 , iso-C 15 : 0 , iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl and iso-C 11 : 0 as the major fatty acids. The main polar lipids of the cells are PME, DPG and PE. The genomic G+C content of the DNA is approximately 67 mol% by thermal denaturation and 66.3 mol% by genome shotgun sequencing.
Oleiagrimonas belongs to the class Gammaproteobacteria. The type species is Oleiagrimonas soli.
Description of Oleiagrimonas soli sp. nov.
Oleiagrimonas soli (so9li. L. neut. gen. n. soli of soil, the source of the organism).
Colonies are yellow, smooth, opaque, circular and convex with sticky colloids on nutrient agar plates. Cells are approximately 0.7-1.5 mm long and 0.3-0.7 mm wide. The conditions for growth are 4-41 u C and pH 4-10. The optimum temperature for growth is 20-30 u C and the optimum pH is pH 6-8. Cells grow in nutrient broth containing 0.5-10 % (w/v) NaCl (optimum 1.5-5 %, w/v). Some biochemical and physiological features are described in the following: cells are positive for leucine arylamidase, valine arylamidase, a-chymotrypsin, lipase (C14), cystine arylamidase, trypsin, acid phosphatase, a-glucosidase, Nacetyl-b-glucosaminidase and naphthol-AS-BI-phosphohydrolase activity. Cells are negative for alkaline phosphatase, esterase (C4), esterase lipase (C8), a-galactosidase, bglucuronidase, a-mannosidase and a-fucosidase activity, glucose fermentation, potassium gluconate assimilation, adipic acid assimilation and phenylacetic acid assimilation. In terms of carbon sources assimilation, respiration is positive or weakly positive for mannitol, cellobiose, dextrin, trehalose, gentiobiose, turanose, N-acetylglucosamine, Dgalactose, 1 % (w/v) sodium lactate, glycyl-L-proline, Laspartic acid, L-glutamic acid, L-serine, glucuronamide, methyl pyruvate, Tween 40, hydroxy-b-DL-butyric acid, aketobutyric acid, propionic acid, acetic acid and formic acid. No respiration is observed from the following subtrates: arabinose, mannose, L-alanine, raffinose, a-lactose, melibiose, D- 
